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Stepsfor cross sectionsm
easurem

ent

•
Align

FO
OT detector atGSI and selectangularacceptance

for cross section
integration

(thanksYun)

•
Extractthe fragm

entsyieldsfrom
 ZID and TW

 clustering
algorithm

s

•
Com

pute M
C efficienciesfor each

fragm
ent

•
Estim

ate fragm
entation

out of target for background subtraction

•
System

aticsstudy
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16O beam
@

 400 M
eV/nucleon

on a 5 m
m

 Carbon TG

Very
low

statisticsand no detectors 
for m

ass identification

cross section
integrated

in angular
and kineticenergyintervalis
feasible



Beam
 and Beam

 M
onitor atG

SI

GSI setup (BM
/TW

) hasneeded
to be aligned

for Physicsruns(2239,40,41,51) using
run

2242 -> straightoxygen
ionsw

ithoutTG
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Angular resolution from
 TW

 
bars crossing < 1.2m

rad (0.6°)

Polar angle of BM
 

tracks in rad before 
and after tilt

rad
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Charge
identification

(ZID) algorithm
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DATA

For each TW
 hit (Eloss, ToF) the ZID algorithm

 assigns a fragm
ent charge Z

•
For each

region
(and so for 

each
charge) the distribution

w
asfitted

w
ith Bethe-Bloch 

form
ula.

•
Plotting

the TW
 hitson an ∆E 

vs TO
F plain, w

e
can assign

to 
each

one
the Z

corresponding
to the closestBethe-Bloch 
curve. 



TW
 clustering

algorithm
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•
Clustering algorithm

 
associates hit bars in 
front and rear layer to 
reconstruct fragm

ents 
im

pinging on TW

•
Checking TW

 
ZID+clustering
algorithm

 com
paring 

Elossand Tofof hits 
m

atched to the cluster
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•
Clustering algorithm

 
associates hit bars in 
front and rear layer to 
reconstruct fragm

ents 
im

pinging on TW

•
Checking TW

 
ZID+clustering
algorithm

 com
paring 

Elossand Tofof hits 
m

atched to the cluster

Fragm
entsidentification

w
ith TW



Fragm
entsidentification

w
ith TW
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•
Clustering algorithm

 
associates hit bars in 
front and rear layer to 
reconstruct fragm

ents 
im

pinging on TW

•
Checking TW

 
ZID+clustering
algorithm

 com
paring 

Elossand Tofof hits 
m

atched to the cluster



TW
 algorihm

sperform
ances
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•
Itispossible

to correlate
in a charge

m
ixing m

atrix
the reconstructed

charge
to the realone

(for M
C 

truth).

•
It’s

alm
ostperfectly

diagonal:  som
e 

charge
m

ixed
eventsin the region

above
the diagonal. 

•
Thisis

a good
confirm

ation
thatthe 

charge
identification

and the clustering
algorithm

sare able
to identify

efficiently
the differentZ

fragm
entpopulations. 

observe
w

hen
the charge

identification
algorithm

assignsa fragm
entto a w

rong
Z.



Background subtraction
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•
The fragm

entsyieldsextracted
by the TW

 detector m
ix 

prim
ary

fragm
entation

produced
in the TG, w

hich
correspondsto the signalin the cross section
m

easurem
ents, and prim

aryfragm
entation

out of target
thatresultsin a source of background for our
m

easurem
ent. 

B
ackground ∽

30%
 



Background subtraction
and yieldsextraction
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•
Background subtraction in data from

 runs 2210, 2211, 
2212 w

ithout TG



Reconstructed
efficiencies
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N
uclearfragm

entation
studies

w
ith the FO

O
T experim

ent
trigger optim

ization
and cross section

m
easurem

ents



Charge-Changing
cross sections
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Charge-Changing
cross sections
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Cross Section [mb]

M
arco Toppi -FO

OT Physics M
eeting

1.
D

ifferentselection
criteria

of 
the projection

of the beam
direction

on TG
;

2.
Q

uality
of the B

M
 

reconstructed
tracks;

3.
C

harge
of the reconstructed

point≤ charge
of the beam

;

4.
C

harge
reconstruction

algorithm
in the fragm

ents’ 
identification. 



Trigger im
plem

entation
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1 kH
z

Low
statistic

G
oal:

selectthe interesting
fragm

entation
events

introducing
a Trigger on data 

using
TW

 detector

•
Lim

ited acquisition
rate of the experim

ent

•
𝟏
𝒔𝒕TW

 trigger: introduce in the M
C a 

threshold
in energy

losson the centralbarsof 
the TW

 detector; 

•
𝟐
𝒏𝒅TW

 trigger: require
anotherhit 

som
ew

here
in TW

 w
hen

there
isa signalfrom

 
centralbars.



𝟏
𝒔𝒕TW

 Trigger
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•
Using TW

 Elossdistributionsw
e

have
choosen

3 differentthresholdsto 
study:

•
W

e
take allfragm

entsarriving
on the TW

 exceptthe 
oneshittingthe centralbarsw

ith energy
lossabove

the threshold. 

•
Trigger E

fficiencies:

Elem
ent

Thr= 38 M
eV

Thr= 42 M
eV

Thr= 46 M
eV

97.32%
99.74%

100%

1.40%
1.45%

9.33%

Fraction
of prim

aries
selected

w
ith 

this
TW

 trigger w
ith respectto the 

M
B

 trigger

𝑁
(𝑍)𝑇𝑊

𝑁
(𝑍)𝑀

𝐵

1.
Eloss= 38 M

eV;
2.

Eloss= 42 M
eV;

3.
Eloss= 46 M

eV.
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𝟏
𝒔𝒕TW

 Trigger
•

Choice
of the threshold: a com

prom
ise betw

een
the num

berof fragm
entsw

e
w

ant
to take and the biasthatw

illbe introduced. 

•
From

 the hardw
are pointof view

the threshold
in Elossm

ust be translated
in a signal

am
plitude

threshold

•
Fix

an am
plitude

threshold
m

eansto take an 
energy

lossrange
of about4-5 M

eV.

E
x:  

A
m

p
= 0.4 V

 ->  = 54-58 M
eV

Amplitude [V]
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𝟐
𝒏𝒅

TW
 Trigger

•
W

e
countthe hitson the centralbarsonly

ifthere
is

anotherhit som
ew

here
in the TW

.

•
Trigger Efficiencies:

Elem
ent

Efficiencies
98.06%

95.23%

92.19%

85.45%

58.09%

1.66%
•

The biasw
e

w
illintroduce on the fragm

ents(especially
on B) is

m
ore significantw

ith respectto the othertrigger.

𝑁
(𝑍)𝑇𝑊

𝑁
(𝑍)𝑀

𝐵



Choice
of the trigger
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𝟏
𝒔𝒕TW

 Trigger
𝟐
𝒏𝒅TW

 Trigger

From
 these

observation
the first TW

 trigger could
be the favorite 

choice
em

ploying
an high threshold

in orderto m
inim

ize
the bias

and m
anteining

a good
prim

ariesrejection
pow

er.

•
Very

sm
all biasintroduced

for B (and C 
fragm

ents).

•
Com

prom
ise betw

een
few

%
 system

atics
trigger biasand am

ountof prim
ariesacquired

(1%
 Æ

10%
).

•
G

reater bias(to evaluate
properly

acquiring
M

B events).

•
Low

am
plitude

thresholdshave
to be set to 

rem
ove

noise
(in ordernotto take asgood

eventsprim
ary+noisy

hit som
ew

here
in 

TW
).



Conclusions

•
Prelim

inary m
easurem

entof the GSI cross section
O

+C at400 M
eV/n hasbeen

show
n

•
Som

e algorithm
sdeveloped

in SHO
E for thisanalysis, usefulfor the future

•
Trigger im

plem
entation

to be use during
the nextdata acquisitions(GSI 2021) 
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Paperin preparation
to be subm

itted
on the JINST journal



Spare
slides
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Angularacceptance

0°≤
𝜃
≤
5.7°

0°≤
𝜑
≤
360°
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TW
 center glb

~ [-1,-1]

x

y

z

TG
TW

TW

TG
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Sm
all shift 

betw
een 

BM
 and TW

beam
(z axis)

Selecting fragm
ents from

 TG region 
[-0.7,0.7] cm



Beam
 and Beam

 M
onitor atG

SI
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The broadening of the 
distribution on the TW

 
show

s a divergence of 
the beam

 of ~ 5 m
rad

(about 0.3°) in X and Y 
Æ

to be considered in 
system

atics

The beam
 structure, 

even if not Gaussian, 
is centered at (x,y) = 
(0,0) in the global 
reference fram

e 

M
arco Toppi -FO

OT Physics M
eeting

BM
 on TG

BM
 on TG

BM
 on TW

BM
 on TW



Calibration
and tuning

of M
C on G

SI DATA
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ElossCalibration:
•

“Tuned” and applied CN
AO

 
Pisa-calibration to GSI data

•
Cross-checked w

ith a GSI 
standalone calibration

ToFcalibration:
•

Calibration from
 2242 for runs 

2239,2240,2241
•

Standalone calibration for run 
2251

DATA
M

C
DATA
M

C



Calibration
and tuning

of M
C on G

SI DATA
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In SHO
E im

plem
ented reconstructed M

C takes into account:
•

Eloss, Tofand tTW
resolutions from

 CN
AO

 data. Elossthreshold (cut aw
ay m

ost of the protons) and dead bars @
 GSI

•
Tim

e and position reconstruction from
 tim

es Ta and Tb (data-like)
•

Pile-up (m
ulti-hit in the sam

e bar per event) and fragm
ent charge from

 ZID algorithm
.

Eloss[M
eV]
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ElossCalibration:
•

“Tuned” and applied CN
AO

 
Pisa-calibration to GSI data

•
Cross-checked w

ith a GSI 
standalone calibration

ToFcalibration:
•

Calibration from
 2242 for runs 

2239,2240,2241
•

Standalone calibration for run 
2251

DATA
M

C
DATA
M

C

Fragm
entation trigger in M

C



FLU
KA: E

kin distribution
fragm

entsin TG

Asking
for only

prim
ary

fragm
entsw

ith 
origin

in Target

<5.7
°

>5.7
°
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𝜎
Production in TG

 (betw
een

0
oand 5.7

o)

𝜎
=
න0° 7°𝑑𝜎𝑑𝜃

|0°−
7° 𝑑𝜃

=
𝑁
𝑓

𝑁
𝑜𝑥𝑦

∗
𝑁
𝑡

W
here:  𝑁

𝑡 =
𝜌∗𝑑𝑥∗𝑁

𝐴
𝐴

Charge
Cross section

(m
barn)

1
582.237098

2
624.328050

3
67.443612

4
33.971387

5
54.391275

6
98.731728

7
103.810543

8
60.529448

Total CC
1564.913692
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E
kin distribution

fragm
entsout TG

<5.7
°

>5.7
°

Asking
for only

prim
ary

fragm
entsw

ith origin
in Target 

produced
on the TG in [-0.7,0.7]. 
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Asking
for only

prim
ary

fragm
entsw

ith 
origin

in Target (over threshold) w
ith 

production angle < 5.7°and beam
 

progection
on TG in [-0.7,0.7] m

atching
a TW

 hit

E
kin distribution

TW
 hit

E
kin production
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Charge
m

ixing m
atrix

for TW
 hits

25/05/2021
28

Zrec

Ztrue
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Yields
extraction

and TW
 Clustering
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In order to extract fragm
ent yields from

 cross sections m
easurem

ent front and rear TW
 hits have to be clusterized.

N
ew

 algorithm
 im

plem
ented in SHO

E.
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(1,1)



Yields
extraction

and TW
 Clustering
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In order to extract fragm
ent yields from

 cross sections m
easurem

ent front and reatTW
 hits have to be clusterized.

N
ew

 algorithm
 im

plem
ented in SHO

E.
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(1,N), (N,1), w
ith N>1

(1,1)



Yields
extraction

and TW
 Clustering
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In order to extract fragm
ent yields from

 cross sections m
easurem

ent front and reatTW
 hits have to be clusterized.

N
ew

 algorithm
 im

plem
ented in SHO

E.

(1,1)

(1,N), (N,1), w
ith N>1

(N,M
), (M

,N), w
ith N,M

>1
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Yields
extraction

and TW
 Clustering
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Pile-Up (m
ulti-hits)
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Yields
extraction

and TW
 Clustering
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Pile-Up (m
ulti-hits)
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This num
bers depend 

on geom
etry 

(distance TG –
TW

) 
and also on FLUKA 
fragm

entation cross 
section



Yields
extraction

and TW
 Clustering
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Pile-Up (m
ulti-hits)
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This is a very good 
reason in the future  
to avoid to have 
different dynam

ic 
range for the tw

o 
layers to identify light 
and heavy fragm

ents



Yields
extraction

and TW
 Clustering
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Fragm
entation 

inside TW
 ~ 2.5%
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y axis
z

x



Yields
extraction

and TW
 Clustering
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Sam
e layer m

ulti-
bars events
~ 2.5%
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x axis
z

y



Yields
extraction

and TW
 Clustering
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(N,M
), (M

,N), w
ith N,M

>1
M
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Sam
e situation of above + 

problem
 of the ghostsÆ

to be 
m

anaged w
ith m

easurem
ent 

of the position along the bar 
exploiting the tim

e difference 
DeltaT

at the edges of the bar



Yields
extraction

and TW
 Clustering
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(N,M
), (M

,N), w
ith N,M

>1
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Sam
e situation of above + 

problem
 of the ghostsÆ

to be 
m

anaged w
ith m

easurem
ent 

of the position along the bar 
exploiting the tim

e difference 
DeltaT

at the edges of the bar

Run 2242

16O
 Resolution ~ 8 m

m

Light speed in the bars v:
1/v ~ 66 ps/cm



TW
 Clustering algorithm
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•
From

 these sim
ple observations I follow

 the sim
ple idea to train the TW

 
cluster/point w

ith the hits from
 the TW

 layer w
ith higher occupancy to avoid to 

drop 25%
 of events due to pile-up

•
W

hen there is the sam
e num

ber of hits in the tw
o layers the front hits train the 

clusters
•

N
oise can be further strongly reduced asking Zfront= Zrear

(best choice in the end)

This fact, m
atched w

ith the good position 
resolution from

 deltaT
(better than bar crossing 

resolution), is a good reason in the future to keep 
as in GSI horizontal bars in the front layers and 
vertical in rear Æ

actually this study should be 
repeated in presence of the m

agnetic field

In SHO
E: for each TW

pointthe charge 
of the training hit and its M

C track ID 
(useful for efficiencies evaluation) are 
assigned to the point



Im
plem

entation
of TW

 Clustering in SH
O

E
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The com
bination of the Z identification 

and clustering algorithm
s im

plem
ented in 

SHO
E provide a very good fragm

ent 
charge identification on an event-by-event 
basis (DATA!!)
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Provide the fragm
ent yields for 

the m
easurem

ent of the cross 
section



Efficiencies: denom
inator

M
C

Denom
inator: Asking

for only
prim

ary
fragm

entsw
ith origin

in Target produced
on the TG in [-1,1] and escaping

from
 it

w
ith θ<5.7°and an Ekin

in the interval100-600 M
eV/n

(from
 data distribution) 
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Production E
kin distribution

of fragm
entsout of TG

DATA



N
um

erator: Asking
for a good

TW
point

m
atched

to prim
ary

fragm
entsw

ith 
origin

in Target w
ith production angle < 

5.7°, beam
 projection

on TG in [-0.7,0.7] 
and production Ekin

in the range 
[200,600] M

eV/n.

In reconstructed M
C Pile-Up issw

itched
off and Z=Ztrue

(notreconstructed Z)

O
N

/O
FF Request: Z_front= Z_rear

Efficiencies: num
erator
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“Integral” efficiencies
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Intrinsic efficiencies folded w
ith TW

 
clustering efficiency



Efficienciesin angle and “Ekin”
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